Perforin (pfp)-mediated cytotoxicity is one of the principal immunosurveillance mechanisms involved in the fight against cancer. However, its importance in spontaneous epithelial cancer is still poorly defined. Here, we use a realistic mouse model which displays many features that are equivalent to human pathology, to evaluated the role of pfp-dependent immunosurveillance by comparing tumor progression in rat ErbB-2 (neu) transgenic, pfp-proficient (neu + /pfp + ) or pfp- and showed zones of more highly differentiated tumor, indicating that pfp-mediated immunosurveillance is able not only to delay the growth kinetic of an aggressive epithelial tumor, but also to shape its histology. The role of pfp-mediated immunosurveillance appeared to be of even more dramatic importance against the less aggressive male mammary carcinomas. In neu + /pfp + males, the incidence of mammary carcinomas was a sporadic and late event. By contrast in neu + /pfp -males their incidence was four-times higher. This higher cancer incidence was associated with a two-fold higher occurrence of persisting mammary remnants, a major risk factor for mammary cancer in male mice, and one which would appear to be due to pfp's previously unidentified involvement in male mammary gland rejection during embryogenesis.
Introduction
Observational studies linked to clinical-outcome analysis in cancer patients that have been carried out in recent years have displayed the prognostic and predictive value of the tumor microenvironment inflammatory state. This has generated a new wave of interest in the immunosurveillance phenomenon (1) . Natural immune surveillance against the onset of cancer is one of the most important tenets in experimental tumor immunology (2, 3) . Extensive evidence have shown that immunodeficient mice develop more carcinogen-induced and spontaneous cancers than wild-type mice, and that tumor cells from immunodeficient mice are more immunogenic than those from immunocompetent mice (4) . Numerous studies have elucidated several molecular (5) and cellular (6, 7) immune surveillance mechanisms that hamper tumor onset and shape its growth.
However, as their role in spontaneous epithelial cancer is poorly defined, the importance of immunosurveillance in the control of most common human cancers is still difficult to grasp.
Alterations inthe ERBB-2 oncogene and its signal transduction pathways are amongst the causes of epithelial cell neoplastic transformation, carcinoma progression, metastatic spreading and resistance to therapy (8) . In human pathology, ERBB-2 (Her-2) overexpression and mutations are evident in 30-40% of epithelial tumors and are associated with the early onset of precancerous lesions, increased metastasis and severe prognoses (9) . In human breast cancer, gene amplification and protein overexpression of ErbB-2 are associated with poor prognosis (10) . Similarly, highgrade human salivary gland carcinomas harbor increased ErbB-2 protein expression and gene copy number (11) .
In rats, a single point mutation in the transmembrane domain favors ERBB-2 homo-and hetero-dimerization and transforms the rat proto-oncogene into a dominant oncogene (neu) (12) . In a neu transgenic BALB/c (BALB-neuT) mouse strain, females develop fast-growing mammary carcinomas in all their mammary glands (13) . However, mammary neu + carcinomas in BALB-neuT males are late sporadic events and the prominent cause of death is multifocal poorly differentiated acinic adenocarcinoma that initially involves the parotid and then the submandibular glands (14) .At 4 4 weeks of age, males display multiple foci of atypical salivary gland hyperplasia, at the duct and acinic level, that progress to become poorly differentiated carcinomas that are clinically evident at the 26 th week of age (14) .
Their consistent genetic predisposition to developing lethal carcinoma, their progression through well defined stages and thelong-lasting interaction with the host microenvironment make BALB-neuT mice an appealing model for the evolution of the role that immunosurveillance plays in inhibiting neu + epithelial tumors. The consistent genetic predisposition to developing lethal carcinomas, their progression through well-defined stages and the long-lasting interaction with the host microenvironment make BALB-neuT mice an appealing model for the evaluation of the role that immunosurveillance plays in inhibiting neu + epithelial tumors. Previous studies on female BALB-neuT mice have shown that despite the absolute penetrance and aggressive tumorigenesis caused by neu transgene expression in the mammary glands and the existence of CD8 T cell central immune tolerance to the rat neu protein product (15, 16) , pfp-and complement-mediated immunosurveillance mechanisms significantly impair the onset of mammary carcinomas (17, 18) .
We herein compare the ability of pfp-mediated immunosurveillance to inhibit neu + salivary carcinomas, with high penetrance, and mammary carcinomas with a slower progression and lower penetrance in BALB-neuT male mice.
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Materials and Methods
Mice.BALB-neuTmale mice (13) CA). The whole mount and immunohistochemical preparations of mammary glands were carried out as previously described (17) . For mammary gland reabsorption studies, embryos were removed from the uterus at E14.5 and E16.5, fixed for 1 h in PFA1% and embedded in OCT and cut in serial sections. Male and female embryos were distinguished by PCR as described (19) .
Cytometry of tumor infiltrating leukocytes.
Freshly isolated tumor specimens of 7-8 mm mean diameter were dissociated as previously described (18) Statistical analysis.Statistical differences were evaluated using GraphPad software 5.0 (GraphPad Inc. San Diego, CA). The Mantel-Cox log-rank testwas used to assess the differences in tumor incidence and overall survival. Differences in the frequency of tumors and mammary gland remnants were evaluated using the chi-square test with Yates' correction. All the other statistical differences were assessed using the two-tailed unpaired Student's t test.
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Results
Pfp hampers the onset and shape the histologyof neu + salivary carcinomas in male mice. Fig Salivary carcinomas are infiltrated by pfp-dependent effector immune cells. (Fig.6B , p = 0.003). These carcinomas homogeneously consist in solid nodular aggregates that arise from ducts of persisting mammary remnants ( Fig.6C and Fig.6D) composed of moderately differentiated atypical ductal neu + cells surrounded by delicate vascularized stromal bundles and a moderate inflammatory infiltrate ( Fig.6E-H) .
Impaired mammary gland reabsorption in pfp deficient male embryos.
The triggering of androgen receptors causes the regression of mammary sprouts that disappear during late embryogenesis (E15.5) in most male mice glands (20) . An evaluation of the frequency of the persistence of glandular sprouts in the mammary areas from 20-30-week-old males showed that these were evident in only 6.5% of mammary areas in neu + /pfp + mice, but in about 14.3% neu + /pfp -micemammary areas (Fig.7A) .Persistent mammary sprouts were also evident in (Fig. 7B and Fig. 7C ).The impaired reabsorptionof mammary remnants observed in pfp -males fits in well with the reduced involution of mammary glands after lactation in pfp -females (Supplemental Fig. 4 ).
The defective regression of mammary sprouts appears to be a major risk factor for mammary cancer in adult males. However in neu + /pfp + males, only 30% of mammary remnants were associated with microscopic carcinomas,which instead were present in 75% of mammary sprouts persisting in neu + /pfp -males (Fig. 7D) . These data show that the protection associated with the expression of the pfp gene derives from two distinct effects; a reduction in the number of males at risk due to the persistence of mammary remnants, and an efficient block of carcinogenesis in those adult neu + males that have mammary remnants.
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Discussion
We have recently exploited the genetic predestination of female BALB-neuT mice to mammary carcinogenesis (23) to assess the weight of pfp-mediated (17) and complement-mediated (18) natural immunosurveillance towards neu + mammary carcinomas. We have now extended our observation to the role of pfp-mediated mechanism in the surveillance of salivary and mammary carcinomas that arise in BALB-neuT males (14) .The data obtained show that the pfp deficiency: i)
reduces the tumor-free survival of these mice; ii) allows for the growth of more differentiated salivary tumor histotypes and iii) impairs male mammary sprout reabsorption during embryogenesis.
The slow growing salivary carcinomas are a common cause of death in adult neu + /pfp This pfp-dependent selection of tumor histotype also corroborates data on neoplastic stem cells' increased ability to give rise to tumors when injected into immunocompromised, as compared to normal, mice (26, 27) . While a few neoplastic stem cells are able to give rise to a tumor in mice with an efficient immune system, many others are able to outgrow in those that are While the fact that pfp may play a role in placental morphogenesis and in the maintenance of a microenvironment that is biased towards Th2 cytokine production (30, 31) has previously been recognized, its role in mammary regression during male embryogenesis has not yet been established. Moreover, the impairment in the regression of mammary rudiments in pfp -males and the defective involution of mammary glands after milking observed in pfp -females, suggest that pfp mediated mechanisms play a more diffuse role in mammary gland remodeling. The presence of numerous γδ T cells in lactating mammary glands (32) , once again points to the possible involvement of these lymphocytes in mammary tissue remodeling.
Since the frequency of male mice with at least one mammary area containing mammary remnants is almost twice as high among neu + /pfp -than in neu + /pfp + males, the lack of pfp appears to play a marked role in increasing the probability of developing mammary cancer. Whole mount magnification x40; histology and immunohistochemistry magnification x400, insets x1000. 
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